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Pattern recognition of loss of early 
systolic peak by Doppler ultrasound has 
low sensitivity for the detection of renal 
artery stenosis
CT P o s t m a 1, P I  BijlvStra\ G  R o s e i i b u s d i 2  a n d  T h  T h i o n 1
lDopavlmnnt o f  Madicino, Division o f  Gtmoval Inlaruul Mcdiciiw; uncí :]De¡mvtnwnt o f  Diagnostic 
Radiology. Univarsily Hospital* 1)500 I IB Nijmogtm , Tho Notharlands
In a group of 57 hypertensive patients seen in the out­
patient department, the authors did a prospective study 
to the vaiue of pattern recognition of changes in early 
systolic peak by Doppler ultrasound (DU) in the examin­
ation of renal arteries, as compared with intra-arterial 
digital subtraction angiography. In five patients (8.7%) 
DU resulted in technical failure, in one because of the 
inability to hold breath long enough, in one because the 
Doppler signals from one part of the kidney were 
unclear and in three because overlying adipose tissue 
hindered the examination. Among the remaining 52 
patients, 13 had unilateral and six bilateral stenoses 
greater than 50% of the luminal surface on angiography.
By DU 10 patients with a stenosis were identified, one 
of which was a false positive result. Of the remaining 
nine, six patients had a unilateral stenosis and three a 
bilateral stenosis that was identified as unilateral by 
ultrasound. Therefore, none of the bilateral stenosis was 
identified as such by DU. Thus, for the detection of renal 
artery stenoses greater than 50% visual waveform 
analysis of DU signals has a sensitivity of 47% and a 
specificity of 97%. The conclusion is therefore that the 
DU procedure employed in this study has a limited value 
in the examination of the renal arteries of hypertensive 
patients with the aim to detect renal arterial stenosis.
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Introduction
Renovascular disease is one of tlui mosl com m on 
causes of reversible, secondary h y p e r ten s io n , 1 Tho 
mivalence ranges from ().F>% lo 5% hut can ho as 
..righ as U.8 % among hypertensive  patients  over (H) 
yoars of a g e r  and because of the potential curable 
nature its detection is im p o r ta n t /1’*' Also, tho modi- 
cal treatment of hypertension  in I huso pationls may 
load to irrovorsihlo loss of ronal function/*
In tho light of tho ralhor low prevalence, a non- 
invasive? screening procedure for this condition 
should ho preferred, Thu turn-invasive procuduros 
examined so far havn however, nol show n enough 
reliability to ho usod in clinical p rac tice . 1
Since the im provem ent of the Doppler u ltrasound 
(DU) technique it is possible to exam ine detip-lying 
abdominal vessels in this w a y . ' 1 The clinical po ten­
tial of this m ethod  in also detecting renal artery 
stenosis (RAS) has been repo r ted / " 10 Som e studies 
concluded that, it was a reliable way to detect RAS 
among hypertensive patien ts ,!)jn a lthough con­
clusions of more recent research about this subject 
wore less op tim is t ic , 11 1:i These reports gave sensi­
tivities as low as 0%, and  specificities of 37-50% .
Conuspontlonco: (¡T Piísima, Unpartmiint of Mudicinu, Univnrsily
Hospital, PC) Box ait)I, 0500 HP Nijmogtm, Tim Nuthorlunds
Rucoivtul 2 Suptmnlmr 1905; mvisiul 24 January IMK»; arenptud
13 Fííhruarv HUM
Also in 3 1 -4 2 %  of the patients the renal artery was 
not sufficiently visualised to obtain an accurate 
Doppler s ignal , 11 1:1 the latter mainly due to obosity 
or overlying bowel gas.
In contrast to tho methods employed to s tudy  the 
renal arteritis directly, tho procedures to s tudy the 
main renal artery indirectly via the segmental 
arteries reported much higher technical success 
rales and sensitivities in the detection of renal artery 
s tenosis . 1*1 The major advantage of such procedures 
is that it is not necessary to got a direct image? of the 
renal arteries. The signals from the segmental 
arteritis have to be? studied  and these are m uch easier
lo locate than the signals from the exact site of a 
stenosis in a m ain  renal artery. Because of the pres­
ence of a stenosis proximal to where the Doppler 
signal is recorded, changes in the pattern of the 
reproduction  of the systolic peak blood llow velocity 
will appear. Several sophisticated calculations of 
changes in the systolic waveform parameters like 
pulsatility  index and acceleration time have been 
s tu d ied , 1**'17 However, the visual interpretation in 
changes of the peak systolic wave patterns were 
reported to be an accurate parameter It) detect a s ten­
os is .N Tho recognition of those changes is the basis 
of the DU examination procedure of the renal vascu­
lature that we have used in the present prospective 
s tudy  in hypertensive patients in the outpatient 
clinic,
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Patients and methods
This prospective study was done in the outpatient 
clinic of our tertiary referral hospital, The patients 
inc luded  were hypertensive subjects in whom the 
physicians that treated them deemed it necessary to 
make an intra-arterial digital subtraction angio­
graphy (DSA). Hypertension was diagnosed if at 
three consecutive outpatient visits a subject had a 
sup ine  diastolic blood pressure (DBP) over 90 
m m  Hg measured by sphygmomanometer. The ind i­
cations for a DSA were grounded on suspicion of 
the presence of secondary hypertension. In most 
cases this was based upon  the presence of a baseline 
untreated DBP over 1 1 0  mm Hg or a treatment resist­
ant hypertension characterised by a supine DBP 
over 9 5  m m  Hg despite adequate drug treatment, or 
a docum ented onset of high blood pressure before 
the age of 25 or over the age of 45 years.
After explanation of the study the patients gave 
their informed consent. All procedures were done 
as out-clinic examinations, including the DSA. Of 
the inc luded  patients clinical and biochemical data 
were analysed. Among the biochemical data was 
their supine baseline plasma renin activity (PRA), 
after 2  weeks of cessation of autihypertensive m ed i­
cation, and the stimulated PRA, drawn 1  h after the 
adm inistration of 50 mg of captopril. After the DSA 
procedure the patients remained in the outpatient 
clinic for at least 8  h to make sure that no com pli­
cations had  developed.
The DSA was done using the Seldinger technique 
with  a 5F catheter. A colour duplex real-time system 
was used w ith  a 3.5 MHz sector transducer for imag­
ing and  3.0 MHz for Doppler (Toshiba, Sonolayer 
Phased  Array Scanner SSA-270 A; Toshiba Corp, 
Tokyo, Japan). The patients were in supine position. 
W hen necessary they were placed in left lateral or 
right lateral position. When optimally audible and 
visible the Doppler spectra from the segmental 
arteries of the upper and lower poles, at the per iph ­
ery of the renal sinus were recorded. The evaluation 
of the examination consisted of the visual in terpret­
ation of the early systolic peak (ESP) of the Doppler 
signal representing renal blood flow in the renal 
arteries draining on the investigated segmental 
arteries . 14
Stavros et al describe three types of waveform that 
result from different degrees of narrowing of the 
renal artery. The first is the normal waveform in case 
of a stenosis of less than 59%. A waveform consist­
ent w ith  a stenosis of 60-79% and one as a result 
of a stenosis greater than 80% .14 We regarded a s ten­
osis significant if the luminal surface was narrowed 
for more than 50%. A difference between 50 and 
59% of luminal narrowing on angiography is not 
consistent. The inter- and intra-observer agreement 
on stenosis in ranges of 1 0 % are very low .1H So, we 
do no t consider a difference between 50 and 5 9 % as 
realistic. The same applies for 70 and 80% .ia There­
fore, we made no distinction in degrees of stenosis, 
only w hether or not a significant stenosis was p re­
sent. As a consequence we also used one interpret­
ation of the waveform morphology. A normal flow 
was defined by a systolic upstroke w ith  a single
slope and acute angle of the first peak, followed by 
a second mid-systolic peak. A waveform  consistent 
w ith  stenosis w as considered w h en  the systolic
v
upstroke ended  w ith  an obtuse angle, or show ed  a 
smooth (more or less) round  con tour of the peak 
with loss of the midsystolic: th rouuh .u
The DSA and  DU were done w ith in  3 weeks of 
each other. Usually the u ltrasound was done first 
but on some occasions it was the DSA. The u ltra­
sound operators were unaw are of the p a t ie n ts ’ m ed i­
cal history and  they were also unaw are  w he the r  or 
not the patients had a stenosis, if angiography had  
been done before the u ltrasound exam ination. The 
results of the Doppler u ltrasound exam inations  were 
interpreted by experienced radiologists w ho  were 
unaware of the clinical histories of the patients and 
of the outcome of tho DSA had it been done prior 
to the Doppler ultrasound.
Results
Included in the s tudy  were 25 male and  32 female 
patients* In five patients (9%) the D oppler ultra­
sound resulted in technical failure, due three times 
to inadequate signals caused by overlying adipose 
tissue. The body mass indexes (BMI) of these three 
patients wen? 31, 36 and 39 k g /n r  respectively. In 
one patient no adequate signal could be obtained in 
one of the segmental parts so tho exam ination  was 
judged incomplete; one patient could not hold her 
breath long enough to permit a successful pro­
cedure. In the rem aining 52 patients, w ith  1.04 kid­
neys, adequate signals for interpretation could  be 
obtained, the average exam ination time per patient 
was around 45 mill.
The clinical data of these patients are show n in 
Table 1  w ith  the differences between patients with 
and w ithout a stenosis. Those w ith  a stenosis had a 
significantly lower creatinine clearance as com pared 
with those w ithout a stenosis (Table 1 ), Systolic 
blood pressure (SBP) and stim ulated  PRA, were sig­
nificantly higher in the patients w ith  a stenosis 
(Table 1 ). Among the 52 patients 13 had a unilateral 
stenosis and six a bilateral stenosis greater than 50% 
of lum inal surface on DSA. Tho pathology of the 
stenosis, as judged by angiography, was atheroscler­
osis in 13 and  fibromuscular dysplasia in six. Of the
13 unilateral stenoses six were identified by Doppler 
ultrasound. Of the six patients w ith  bilateral sten­
osis Doppler u ltrasound  detected a unilateral sten­
osis in three of them. Although only one stenosis 
was recognised by Doppler u ltrasound, they were 
regarded as a true positive result because the 
patients were identified as having renal arterial sten­
osis (Table 2 ).
By Doppler u ltrasound  one stenosis was observed 
that was not seen on DSA (Table 2 ). The overall sen­
sitivity of Doppler u ltrasound for patients with a 
stenosis was therefore 47% and the specificity 97% 
(Table 2 ). If recognition of only one stenosis in a 
patient w ith  bilateral stenoses was regarded false 
negative then sensitivity would be 32%.
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Tabi« 1 Cìharucttu'istics of patients wilh an adequate examination on Doppini1 ultrasound
All patients
Sox' malo/íomnln 
Ago (\ nars )
Body mass index (kg/nr) 
Creatinine clearance (ml/miu)
SUP (mm lit;)
DM* (nnu Ilg)
üasoliuo PKA (nnml/K/h)
Stimulated PRA (nnioUl./h)
24 l'ltt
ni , 0  (i:t.r>)
20,4 (ii.O) 
H7 (42)
170 (2H)
ion (14)
4,1 (H.4) 
0.0 ( 1 H. I)
No sit'nasis
n/20
40.0 (IM.4)
2 0 . 0  (f>.2 ) 
Ufi (45)
172 (20) 
102 ( U)  
1.5 (1.0) 
:î.7 (0.4)
\
A
Figures j^ivon arti moans and figures in brackets, one? slaudard deviation.
*Indu:alus significant difference 0,05,
Stimulated PRA moans moasurod 00 min after administration o ía n  oral doso of 50 mg of captopril.
Slt'i ¡asís
M/H
i l  r i;m,/ {i.t.n 
25.5 (4.7) 
73 (:i4) 
1 0 1 (2 0 ) 
100 (in)
ÍI.H (IM.U) 
23.H (27.1)
Tabi« 2 Rosults of ilio detection of ronal arlorial stenosis bv
m
Dopplor ultrasound of renal arteries compared with angiography 
(arlorial digital subtraction angiography)
nsA" Poppltfi' ultviistnnul1
Uuilatoial stonosis " ’50% i ;í 0
Dilaterai donosos T>()% 0 \\
(idonliftod as 
unilateral)
Fatso positivo 1
No significant stonosis 42
'‘Numbors of patients.
Operating characteristics of Dopplor ultrasound in tho detection 
of roual arterial stonosis: Sonsitivitv 4 7VÍ»; Specificity \i7%.
Discussion
A sensitivo non-invasivo tost lo detect the presence 
of RAS in hypertensive patients w ou ld  ho a vory 
practical clinical tool. DU is potentia lly  a vory va lu ­
able prnoodnro in this respect. Howovor, former 
studios to tho clinical valuo of DU gave d isap­
pointing resu lts . 11 I;* Tho oxam ination of tho main 
ronal artorios is a very diHicailt and  timo consum ing 
procedure, In particular the high num ber  of techni­
cal failures, the low detection rate of accessory ronal 
artorios and  the low sensitivities ind ica ted  that the 
studied procedures were unfit to bo used lor screen­
ing purposes am ong the general hypertensive popu-
But in som e arouos of! 1 I t
especially those with  a low BMI, or an easily access­
ible kidney as in renal transp lan t recipients, hotter 
rosults of DU in the dotoction of RAS were
]7A'' Those s tud ies  also show ed that 
although the values and variations of sensitivity and
wore strongly dependen t on the 
ipplicatod cut-off points of the Dopplor parameters*
By applying recognition of waveform  changes of 
early systolic: peak obtained from the segmental 
arteries in the DU exam ination, the technical failure 
rate of the procedure  can be low ered dramatically. 
In the present s tudy  we had  a technical failure rate 
of 9% w hich  is m uch  lower than that reported in 
tho literature, and the rate of 25% found in a pre­
vious study, in w hich  among other parameters, How 
changes in the main renal arteritis were u sed . 1:1 Tho 
detection of accessory renal arteritis is also an  
im portant shortcoming in the DU technique in 
s tudying the main renal artorios. If the Doppler sig­
nals are recorded from segmental arteries that are 
located downstream  from a stenosed vessel, in c lu d ­
ing accessory vessels, it should  ho possible in 
theory, to detect such a stenosis by changes in tho 
systoiic velocity wave pattern. However, as we had 
no patients with a stenosis in an accessory artery wo 
can not conclude w hether or not this method allows 
delection of stenoses in accessory ronal arteritis, A 
recent s tudy  that did include accessory renal 
artorios reported a vory low accuracy for DU in 
detecting ronal artery stonosis, and a total absence 
of the ability to do led  arlorial stenosis in  segmental 
and accessory arteritis / ' 0
Tho most important characteristic of the DU tech­
nique we studied is its sensitivity in the recognition 
of patients with ronal artery stenosis, Tho sensitivity 
established was 47% anti the specificity 07%. St), 
half of the patients with a stenosis in this s tudy  
w ould  have gone undiagnosed had we relied upon 
Dopplor ultrasound.
In this study the tost sensitivity in patients w ith  
bilateral stenoses was oven worse. Tho cause of this 
might he in the different m echanism s that are 
involved in the concomitant high blood pressure 
(BP), The opin ion is that in unilateral stenosis, at 
least in some stages, angiotensin II plays an 
im portant part while in bilateral stenosis an 
im portant factor in tho sustenlation of the high BP is 
sod ium  retention. Although the changes in systolic 
waveform morphology in the case of renal artery 
stenosis are influenced by many factors, it might bo 
that the changes in arterial com pliance brought 
about by angiotensin II are different from those 
caused by sodium  retention, and that tho difference 
in sensitivity of detecting unilateral and  bilateral 
stenosis can be found in those different m echanism s.
An important aspect of the technique of analysis 
of waveform features, apart from its low sensitivity, 
is the low inter-observer agreement in the visual 
judgement of these waveform s . - 1 This is the more 
im portant as other more objective DU m easures such
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as acceleration time and peak systolic velocity were 
even less reliable in separating stenotic from non-
stenostic renal arteries . 211
A recent study using Doppler tardus waveforms 
for the identification of renal artery stenosis, showed 
that in six patients with a moderate stenosis the 
waveforms were not classified as abnormal, but were 
recognised as abnormal 1  h after the administration 
of cap topril . 22 The authors explained this by specu­
lating that a high angiotensin II concentration causes 
raised  intrarenal vascular resistance w hich  obscures 
the loss of the end-systolic pressure (ESP) and that 
the angiotensin-converting enzyme (ACE) inhibitor, 
by lowering intrarenal vascular resistance and 
increasing compliance, by inhibiting angiotensin II 
formation, makes the loss of the ESP visible , 2 2  The 
detection of renal artery stenosis by renal scintigra­
phy also relies upon high angiotensin II levels in the 
affected kidney influenced by ACE inhibition. But 
the sensitivity of renal scintigraphy does not rise 
above 75%.2:i So ACE inhibitor enhanced  DU should  
be s tud ied  further, including the aforementioned 
problem  of the low inter-observer agreement in the 
visual judgement of DU waveforms, before its true 
value can be inferred. The factors that are involved 
in  the transduction of the BP curves into the flow 
changes in  the renal arteries distant to a stenosis are 
so num erous and variable that it is not easy to 
u nd ers tand  that only by changing angiotensin II lev­
els cou ld  it lead to consistent and unequivocal 
changes . 24
Another option by which the DU results might be 
improved is the use of ultrasound contrast enhance­
ment w ith  galactose-based microparticle suspen­
sions ,25 Many DU techniques have been studied in 
an attempt to find a reliable non-invasive procedure 
to examine the renal vasculature. W ith the develop­
m ent of intrarenal investigation techniques like the 
one w e employed in the present study much seemed 
to have been gained. However, as is illustrated by the 
present results and literature up to now, DU is in gen­
eral not reliable enough to permit its use as a screen­
ing procedure for RAS . 24 In particular, patients with 
a low BMI can be examined reliably in this way, but 
there remains a strong influence on the results of the 
institution where the DU is performed.
We conclude that the DU pattern recognition of 
the loss of early systolic peak in  segmental renal 
arteries is not sensitive enough to be used in clinical 
practice for the detection of main renal artery sten­
osis in  an unselected hypertensive population.
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